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1.  INTRODUCTION 

During  the  reporting  period,  5 through  30  November  I965, 
Twc  Air  Operations  Central  (AOC-1)  was  subjected  to  a 360-hour 
reliability /endurance  test.  The  purpose  of  this  test  was  to 
demonstrate  that  the  following  specification  requirements  for 
the  basic  system  had  been  met: 

(1^  Mean-tlme-between-losses  of  a major  function  - 
336  hours ; 

/2)  Mean-tlme-between-losses  of  a tactical  operational 
function  - 50  hours  * 

System  availability  - 955^  (based  on  loss  of  a 
tactical  function) 

■"X 

2.  ANALYSIS 

Maintenance  actions  analyzed  during  the  endurance  test 
were  classified  according  to  the  following  types  of  failure: 

(1)  Type  1 Failure  - Those  maintenance  actions  which 
were  the  result  of  component  (equipment)  failure 
and  caused  the  "loss  of  a major  function," 

(2)  Type  2 Failure  - Those  maintenance  actions  which 
were  the  result  of  component  (equipment)  failure 
and  caused  the  "loss  or  significant  degradation 
of  a tactical  operational  function." 

(3)  Type  3 Failure  - Type  3 failures  fall  Into  two 
categories  as  follows: 


1 


(a)  Those  malntenajice  actions  which  were 
attributable  to  human  error,  defective 
workmanship,  or  preventive  maintenance, 
regardless  of  effect  on  system  function. 

(b)  Those  maintenance  actions  which  had  Insig- 
nificant or  no  effect  on  a tactical  opera- 
tional function. 

(4)  Type  4 Failure  - Those  maintenance  actions  which 
were  attributable  to  failures  of  GFE  equipment, 
regardless  of  effect  on  system  function. 

3 . RESULTS 

The  results  presented  In  Tables  1 through  17  are  explained 
as  follows: 

(1)  Type  2 failures  for  several  system  configurations 
are  shown  In  Tables  1 and  2.  Reliability  calcula- 
tions are  the  same  In  both  tables.  However,  the 
Availability  results  In  Table  1 are  based  on  the 
best  estimate  of  system  MTTR  derived  from  the  calcu- 
lations of  Table  3*  The  Availability  results  In 
Table  2 are  based  on  MTTR  values  derived  from  Tsrpe  2 
failures  only,  as  shown  In  Table  4. 

(2)  The  number  of  Type  2,  3>  and  4 failures  which  occurred 
during  the  test  are  Identified  In  Table  5. 

(3)  Table  5 shows  the  number  of  maintenance  actions  by 
failure  classification  for  the  total  system. 

Tables  6 through  15  show  the  number  of  maintenance 
actions  which  occurred  In  the  Individual  huts. 
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(4)  Table  l6  describes  the  rationale  used  to  classify 
Type  2 failures.  Indeterminate  failures,  and  those 
that  had  been  tentatively  classed  as  Type  2 failures 
pending  further  Information. 

(5)  No  Type  1 failures  were  observed  during  the  360-hour 
test;  thus,  there  Is  a 90%  confidence  that  the  mean- 
tlme-between-losses  of  a major  function  Is  In  excess 
of  156  hours.  Since  no  Type  1 failures  occurred. 
Availability  Is  estimated  at  100%. 

(6)  Table  17  shows  the  observed  AOC  reliability  on  an 
Individual  hut  basis. 

4.  CONCLUSIONS 

Conclusions  of  the  endurance  tests  conducted  during  this 
reporting  period  are  presented  as  follows: 

(1)  The  point  estimate  of  mean-tlme-between-losses  of 
a major  function  Is  In  excess  of  36O  hours. 

(2)  The  results  shown  In  Table  1 present  the  best 
estimate  of  system  behavior  In  MTBF,  MTTR,  and 
Availability  In  relation  to  the  50-hour  mean-tlme- 
between-losses  (or  significant  degradation)  of  a 
tactical  operational  function  and  its  related  9b% 
Availability  requirements . 

(3)  The  distribution  within  the  system  of  the  mainte- 
nance events  observed  during  the  360-hour  test 
differs  considerably  from  the  predicted  maintenance 
allocation  given  in  ARINC  Research  letter,  ASP-65- 
268,  dated  2 November  1965,  In  that  the  predicted 
allocation  does  not  provide  a valid  means  for 


determining  system  MTTR.  The  value  of  system  MTTR 
In  Table  3 provides  the  best  estimate  considering 
the  number  and  distribution  of  system  maintenance 
actions . 

5 . RECOMMENDATIONS 

Based  on  the  results  of  this  360-hour  test,  It  is  recom- 
mended that: 

(1)  The  system  be  considered  to  have  met  Its  specifi- 
cation requirement  in  terms  of  mean-time-between- 
losses  of  a major  function  (336  hours). 

(2)  The  system  be  considered  to  have  met  Its  specifi- 
cation requirement  In  terms  of  mean-tlme-between- 
losses  (or  significant  degradation)  of  a tactical 
operational  function  (50  hours). 

(3)  The  system  be  considered  to  have  met  Its  specifi- 
cation requirement  In  terms  of  Availability  {95%) 
relative  to  tactical  operational  functions. 

Based  on  the  fact  that  the  observed  distribution  of 
maintenance  actions  differs  markedly  from  the  predicted  dis- 
tribution, It  Is  further  recommended  that  the  results  of 
Table  3 he  used  to  determine  system  MTTR. 
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Based  on  representative  sample  of  significant  repair  actions  during  endurance  test 
reference  Table  3- 


TABIE  3 


AOC-1 

ENDURANCE  TEST 
HUT  MAINTAINABILITY 


(Selected  Representative  Actions)* 


Hut 

Number  of 
Maintenance 
Actions 

Total 
Active 
Repair  Time 
(Hours) 

MTTR 

(Hours) 

I 

1 

.5 

.5 

II 

1 

.4 

.4 

III 

3 

2.4 

.8 

VII 

1 

3.2 

3-2 

Ancillary 

3 

3.9 

1.3 

OP- 101 

28 

11.8 

.4 

OP-102 

20 

11.7 

.6 

OP- 103 

21 

11.7 

.6 

OP- 104 

12 

4.8 

.4 

OP-105 

28 

17.5 

.6 

Average  OP 

22 

11.5 

.5 

Average 

System 

31 

21.9 

.7 

* Selected  representative  actions  Include  those 
failures  observed  during  the  test  of  a Type  2 
nature  and  Type  3 failures  whose  repair  character- 
istics were  similar  to  those  of  Type  2 failures.  i 
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TABLE  4 
AOC-1 

ENDURANCE  TEST 
HUT  MAINTAINABn^rrY 


(Type  2 Failures) 


Hut 

Number  of 
Maintenance 
Actions 

Total 
Active 
Repair  Time 
(Hours) 

MTTR 

(Hours) 

I 

0 

0 

- 

II 

0 

0 

- 

0 

0 

- 

1 

3.17 

3.17 

0 

0 

- 

OP -101 

2 

.38 

.19 

op -102 

3 

2.93 

.98 

OP -103 

2 

.45 

.23 

OP -104 

2 

.28 

.14 

OP -105 

1 

.13 



Average  OP 

2 
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Average 

System 

3 

! 

4.01 

1.34 

AOC-1  ENDURANCE  TEST 
CLASSIFICATION  OP  MAINTENANCE  ACTIONS 
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NOTE:  Letter  designators  In  parenthesis  are  used  to  codify  the  failure  classifications 
described  in  Table  l6. 
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described  In  Table  l6. 
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were  processed  by  the  Ancillaiy  hut.  Hie 
flight  tests  were  continued  without  Inter- 
ruption to  Isolate  this  fault.  On  completion 
of  the  flight  tests,  the  computer  was  cleared, 
and  the  fault  did  not  recur. 
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OP  Hut  153607  11-7  2230  LC-2  (1)  This  failure  was  a console  power  shut- 

down  with  a thermal  Interlock  indication. 
NOR  Inverter  Card  (Assembly  531103)  was 
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(2)  This  failure  was  believed  to  be  associat- 
ed with  the  unscheduled  generator  failure. 
Since  normal  console  shutdown  procedures  could 
not  be  followed,  the  console  damage  was  the 
most  probable  result. 
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(2)  Return  of  the  unit  to  Van  Nuys  for  en 
gineerlng  evaluation  revealed  that  during 
manufacture  an  l8Kn  resistor  had  been  In- 
stalled which  should  have  been  l.SKfi.  The 
prescribed  test  procedures  that  Involved 
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OP  Hut  153687  11-12  1135  LC-2  (1)  This  failure  involved  a console  power 

104 

shutdown  with  thermal  interlock  indications. 
NOR  Inverter  Card  (Assembly  531103)  was  re- 
placed in  the  Power  Control  (Assembly  532370). 


TABLE  17 


AOC-1 


ENDURANCE  TEST 
HUT  RELIABILITY 

(Type  2 Failures) 


Hut 

Number  of 
Failures 

i 

90^  Confidence 
-that  MTBF  Is 
greater  than; 
(Hours) 

Point  ♦ 
Estimate 
MTBF 
( Hours ) 

Point  ♦ 
Estimate 
Failure  Rate 
(per  1000  Hours) 

I 

0 

156.0 

— 

0 

II 

0 

156.0 

— 

0 

III 

0 

156.0 

— 

0 

VII 

1 

92.5 

360.0 

0.278 

Ancillary 

0 

156.0 

— 

0 

OP-101 

2 

67.5 

180.0 

0.555 

OP-102 

3 

5^.0 

120.0 

0.835 

OP-103 

2 

67.5 

130.0 

0.555 

OP-104 

2 

67.5 

130.0 

0.555 

OP-105 

1 

92.5 

360.0 

0.278 

Average  OP 

2 

1 

67.5 

180.0 

0.555 

* Based  on  360-hour  test. 


